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Welcome to the Department of Engineering Sciences at Uppsala University. 
Our research concerns finding technical solutions to improve the quality of 
life in terms of sustainability, energy and better living conditions. Our research  
encompasses both science and technology. Science helps us to understand 
how everything works and technology helps us to build solutions based on 
new knowledge.

for a better and sustainable life 
ENGINEERING SCIENCES 
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The department conducts research in a broad sense, 
aiming to lead the development of sustainable tech-
nology, energy supplies and life science technologies. 
Our objective is to understand and develop tech-
niques that give mankind a better life. Even though 
some of our research projects are only at an early 
stage, we know that eventually they may help people.
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• Bio- and nanomaterials within life 
sciences are used for creating connec-

tions between damaged nerves and 

building new skeleton structures as 

well as for ensuring better wound 

healing and making more efficient 

filtration possible within biotech-

nological processing. We are also 

developing improved prostheses 

and tooth implants – for example 

implant surfaces with different 

properties, such as antibacterial or 

self-cleaning surfaces.

• A miniature submarine, the size of a 

half-litre bottle, which among other 

things will monitor a lake under the 

ice in Antarctica and also be used by 

rescue organizations. 

The Department of Engineering 
Sciences at Uppsala University has a 
steady grip on the usefulness of tech-
nology and has accepted a number of 
topical challenges, such as Alzheimer’s 
disease, chronic pain, improved pros-
thetics and implants, natural disasters, 
smart electronic sensors, wireless 
sensor networks, smart windows, im-
proved indoor environment and future 
energy supply. Research should be use-
ful for society in the same way as med-
ication is useful for the human body. 
Perhaps we can strengthen society, just 
as drugs make the body healthier.

New sustainable materials and  
techniques
The research projects of the depart-
ment should be economically, ecolog-
ically and societally sustainable. New 
materials should be renewable and 
potentially profitable. We therefore 
work on the development of, for exam-
ple, new permanent magnets without 
rare earth metals, batteries with only 
renewable components, nanocellulose 
as a reinforcement material and new 
techniques for energy production, such 
as wave, wind, underwater current 
power and solar energy.

The department is conducting close 
to a thousand different projects cov-
ering several areas: from developing 
large scale energy production plants to 
utilizing energy in a more efficient way 
by using thin film technology in smart 

windows; from flexible and sustainable 
wooden constructions to methods for 
rebuilding damaged nerves in the body.

 
Some of the department’s projects are:

• Wave energy for making use of the 
energy in sea waves. The depart-
ment is also involved in the start up 
stage of large scale commercialisa-
tion of the technology.

• Environmentally friendly nanotech-
nology for buildings, for example 
smart windows that transmit solar 
heat when it is needed and block it 
when it is sufficiently warm inside. 
The windows can also be used for 
cleaning indoor air in an energy 
efficient way.

• Flexible electronics. We are developing 
stretchable and bendable electronics, 
which among other things can be 
combined with clothing. An example 
is monitoring the pulse, body temper-
ature and movement patterns of fire 
fighters and detecting which tempera-
ture their clothes are exposed to.  

The Department of Engineering 
Sciences conducts cutting edge re-
search within several areas, demon-
strated by a strong impact factor in 
scientific publications. Close collabora-
tion with industry and other research 
institutions gives us the possibility of 
leading development within different 
areas of the research, such as sustaina-
ble technology, energy production and 
life sciences. Our excellent laboratory 
facilities within micro structure tech-
nology allow us to convert our creativi-
ty to real technical solutions.

This brochure presents some of our 
areas of expertise.

Stamp issue ”Natural power” 
from 2011. Bottom right  the 
stamp with the classic profile 
from the two experimental 
wave power prototypes “L2” 
and “L3”, together with the 
characteristic and patented 
“Torus buoy”.
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The Department of Engineering Sciences has several 
years of experience in conducting research from idea 
to finished product on the market. This is shown by 
our successful collaboration with industry and by our 
competitive spin off companies. 

FROM RESEARCH 

to market
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A common application for solar cells is to install them 
on ordinary roofs to generate electricity for private 
houses, and also to sell the surplus electricity to the 
local grid. The picture shows solar cells made from 
crystalline silicon. The thin film solar cells developed 
at the department, being completely black, are better 
suited to fit aesthetically into existing built-up areas.

The department’s research in industrial 
technology focuses on organization and 
leadership of high tech companies and 
on understanding the pit falls and keys 
to success in the innovation process. 
This makes us efficient partners, for 
example, for the energy and drug indus-
tries, since knowledge leads to good op-
portunities to together convert research 
ideas into products that customers are 
asking for.

After several years of experience 
in conducting research towards com-
mercially attractive products, we have 
an understanding of both commercial 
sectors and innovation processes; from 
laboratory to customer. The depart-
ment’s scientists have also investigated 
the innovation process from several 
perspectives. Many are trapped by 
studying success stories, but by in-depth 
studies of failures we can understand 
the mechanisms behind the slowing 
down of the innovation process. The 
department thereby builds its research 
on more than just success stories.

Branch knowledge helps research
The context is all-important within 
our research areas. Both the areas 
of energy and life science are facing 
unique challenges when it comes to 
converting research into profitable 
business. The energy industry, for ex-
ample, requires very large investments 
and has complex up-scaling problems 
for a technical solution to become eco-
nomically feasible. Life sciences have 
a long validation process with clinical 
tests and special patent regulations 

before new drugs can enter the market.
In Uppsala the Department of 

Engineering Sciences is conducting 
world-leading technical research and 
works together with successful compa-
nies. Thus, there are good opportuni-
ties to cooperate with the companies 
and to conduct research on the innova-
tion process both at the university and 
at the companies. As an example, we 
are following wave power technology 
from a technically possible solution to 
a complete production plant and we 
are studying the establishment of the 
world’s first commercial wave power 
plant. The technique was developed 
at the Department of Engineering 
Sciences.

Researchers at the department are 
also using knowledge about the com-
plete process to develop a treatment 
for rebuilding nerves after a fracture of 
the spine. They have top competence 
within the field of how biomaterials 

interact with body tissue. They hold the 
project together and in collaboration 
with their partners, such as model de-
signers and orthopaedists, they control 
the complete process from concept to 
treatment.

In the project a scaffold is developed 
for new nerves to grow in. The scaffold 
is made of a kind of plaster of calcium 
sulphate, and it leads the new nerves in 
the right direction when they grow past 
the damaged area of the spinal marrow. 
The nerves can be rebuilt by transplant-
ing nerve cells from other areas in the 
body to the scaffold and adding a growth 
substance to make them develop.
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and smart use of energy
RENEWABLE ENERGY 
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Wave power on its way onto the  
market
We have demonstrated that it is pos-
sible to generate energy from waves 
at sea in an efficient way. Now we are 
participating in the construction of the 
world’s first commercial wave power 
plant off the west coast of Sweden. 
It is estimated that the oceans of the 
world can produce 18000 TWh/year, 
which can be compared to the world’s 
total production of 22000 TWh 2011. 
Off the coasts of Sweden there is the 
potential to produce around 10% of 
the Swedish energy demand.

The technique is cost-effective, reli-
able and relatively simple. It consists of 
a buoy, connected by a wire to a gen-

Our scientists are dealing with the challenges of establishing 
a sustainable energy supply in different ways. We are  
developing different ways of producing energy, such as wave, 
wind and solar power. We are also investigating different 
ideas for saving energy through more efficient buildings, 
smart windows and more efficient industrial processes.

erator at the bottom of the sea. When 
the buoy is lifted and lowered by the 
motion of the waves, its movements 
drive a permanent-magnet translator 
inside the generator. The movements 
induce a voltage in static coils, which 
in turn gives rise to an alternating cur-
rent. In order to compensate for the 
irregular frequency and amplitude the 
waves generate, the alternating current 
is converted to direct current before it 
is transferred to shore.

The wave power project is a con-
crete example of how ideas can be 
fruitful and can be developed into a 
commercial activity. The concept has 
been tested in the wave power labo-
ratory at the department and later at 

a test site outside the town of Lysekil 
on the Swedish west coast. Soon the 
technique will be in commercial op-
eration – and we have been there the 
whole way.

Smart windows give improved indoor 
comfort
The scientists from the Department of 
Engineering Sciences obtained funding 
from the European Research Council 
to develop techniques for an improved 
indoor environment. One of the corner 
stones of this research is the develop-
ment of smart windows using electro-
chromic and thermochromic materials. 
Smart windows can save energy in 
buildings without sacrificing comfort.
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A smart window consists of five dif-
ferent thin layers on top of each other, 
and resembles in this way a recharge-
able battery. An electrolytic layer in 
the middle connects two oxide films, 
usually nanoporous tungsten oxide and 
nickel oxide. These films are surround-
ed by two transparent conducting 
films, one on each side.

A voltage of the order of one volt 
connected to the two conducting films 
can move electric charge between the 

My project is about smart windows for en-
ergy saving and indoor comfort in buildings. 
I like my project because my background in 
materials science is well connected with my 
current research. Uppsala University and 
the Angstrom Laboratory can offer PhD 
students very good research resources. The 
people here are very nice and our group is 
a leading group in “smart” window resear-
ch. So I am sure I will learn a lot here. 

RUITAO WEN, PHD STUDENT

”

The main advantage of working here at 
the Angstrom Laboratory is that so much 
is happening. There are so many people 
around, dealing with so many different 
issues. It is easy to cooperate with others, 
attend seminars and tie your own research 
to other research areas. My research is on 
solar cells, electric vehicles and domestic 
electricity use, and, as an example, I work 
together with experts on statistics from the 
Department of Mathematics.

JOAKIM MUNKHAMMAR,  

PHD STUDENT

” tungsten oxide and the nickel oxide. 
When the charge is mostly in the tung-
sten oxide the window is dark and when 
the charge is mostly in the nickel oxide 
the window is transparent. The whole 
packet can be built as a plastic foil, 
which can be used to laminate together 
two glass panes. In this way the need for 
energy consuming air-conditioning can 
be reduced in warm climates.

We also use thermochromic nano-
particles in an inner layer to further The principle of operation of a smart window



ENGINEERING SCIENCE FOR A BETTER AND SUSTAINABLE LIFE  11

Reliable vertical wind power  
Windmills rotating around their verti-
cal support tower, instead of around a 
horizontal axis, have the potential of 
being both steadier and more efficient 
than the traditional windmills with long 
rotor blades. We have developed a wind 
power unit where the generator can be 
placed at ground level instead of high 
up by the rotor. This means that the 
tower does not need to carry the weight 
of the generator.

The advantage of the vertical wind-
mill is its simplicity. The generator is 
easy to maintain as it is at ground level. 
Furthermore, the generator has no gear 
box and does not need to turn to face 
the wind. The simple construction 
means higher reliability as there are 
fewer movable parts that can fail. We 
have access to several wind farms for 
our research. We have constructed two 
of these units just north of Uppsala and 
operate a larger grid connected wind 
power unit at Torsholm near Falken-
berg. Here we can study the complete 
system both on a small and a large scale.

improve the smart windows. In this 
case the window transmits solar 
radiation only when the tempera-
ture inside is below normal room 
temperature. Otherwise the win-
dow stops the infrared part of solar 
radiation from entering the room. 
The material in the smart window 
is polymer based and inexpensive 
to produce. Perhaps we will see 
new buildings in the future with 
complete facades made up of plastic 
laminated windows.

A visionary idea for the future is to 
use inexpensive and lightweight elec-
trochromic and thermochromic foils 
in large membrane structures which 
regulate flows of solar energy and 
light in perimeter zones surrounding 
buildings and city blocks. In this way 
we can create an energy efficient ”dy-
namic membrane architecture” and 
achieve a comfortable climate around 
new and old buildings in warm, cold 
and temperate climates. The materi-
als have already been developed for 
smart windows.

A vertical axis wind power unit designed to supply 
a telecommunication tower with electricity. The 
whole wind power unit, including the generator, is 
built outside the 40 m tall telecom tower. A vertical 
axis wind power unit is advantageous since the 
rotor can be positioned outside the tower without 
the need for rotating at varied wind directions and 
the generator can be placed at ground level.
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We are working with thin surface layers and coatings of ceramic materials, silicon 
and other semi-conductors, diamond, different metals and many other materials. 
Using thin film and surface technology our scientists are developing, for example, 
smart windows, solar cells, electronic components, conducting coatings on cellu-
lose, ceramic surfaces on implants, tougher cutting tools and machine parts with 
reduced friction losses.

Tougher hip-joint implants
A risk with hip-joint implants is that particles that can cause wear are produced 
inside the joint and are trapped between the bone tissue and the implant. These 
particles can cause inflammation, which over time can cause the bone tissue to 
regress so that the implant may come loose. We are developing a tough surface 
layer of a ceramic thin film that limits the problem in several ways. Firstly, it 
minimizes the actual wear. Secondly, it is faster for the body to get rid of the 
few wear particles that do form, so that they do not have enough time to cause 
inflammation. Thirdly, the thin film prevents metal ions from the bulk of the 
implant from leaking into the body.

conditions for our pioneering 
engineering science

Thin film and surface technology are central 
for many of the scientists at the Department 
of Engineering Sciences. The technologies 
make it possible for us to construct an  
impressive number of materials with unique, 
tailor-made properties.

THIN FILM AND SURFACE TECHNOLOGY
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The curling player must be able to judge the influence of friction between 
curling stone and ice exactly. The surfaces of both stone and ice are pre-
pared so that the tribological conditions are as similar as possible for all 
players and vary as little as possible over time. For the stone to be able to 
rotate, the ice surface must have exactly the right surface roughness. The 
small picture shows the microscopic scratches on a small bump in the ice 
over which a stone has just passed.

1 mm
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Nanocellulose in drugs, batteries and cosmetics
Cellulose is so much more than paper. For example, mod-
ified nano-structures from algae cellulose can be used in 
such different applications as dialysis membranes, electrodes 
in renewable batteries and stabilizers in cosmetics and food.

We have developed a conducting material of algae cel-
lulose, where the cellulose fibres have been coated with 
a conducting polymer. The nano-thin polymer can also 
conduct charged atoms and molecules. The cellulose-based 
composite material is porous, bendable and has a large sur-
face area. With an applied potential we can control which 
ions will pass through the material and which ions will not. 
This can be used to treat kidney patients with hemodialysis.

The material also works as electrodes in a battery. Such 
a battery is made up of renewable raw materials and may 
in the future be used to construct renewable electronics, 
or to integrate battery-driven applications in clothing or 
packaging.

Algae cellulose also has the remarkable ability to bind 
water, which can be used in cosmetics, or food products 
such as yoghurt or soured milk. A small amount of cellu-
lose causes the water to organize itself at the surface of the 
cellulose so that it does not expand when it freezes. This 
means that the product can be frozen and thawed without 
being spoiled.

Porous materials
We are developing new non-toxic porous materials with 
tailor-made pore systems for the formation of drugs, humid-
ity absorption and gas cleaning. An example of a material 
that has been prepared and is under development is Upsal-
ite®. It is a porous form of magnesium carbonate with the 
highest surface area measured until now for a carbonate. 
For more than 100 years scientific literature claimed that it 
was impossible to make such a material.

The Ångström facility is such a huge 
structure boasting not only machines, 
but also highly qualified personnel. I have 
everything I need to perform my rese-
arch here. My research is related to real 
world applications, which I like a lot. For 
instance, we develop materials for high 
frequency applications, such as mobile 
phones and wireless sensor networks.

MILENA MOREIRA, PHD STUDENT

”

I enjoy the freedom of working from my 
own interest point of view. I can read an 
article about someone who has done 
something similar, and I become moti-
vated to test this within my own subject. 
We also get a substantial part of funding 
from industry. It is motivating to know 
that industry takes an interest in what we 
are doing with nanotechnology.

PETTER TAMMELA, PHD STUDENT

”
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Antibacterial surfaces on implants
We are developing methods to give 
surfaces antibacterial properties, which 
is of special interest for components 
that could cause infection. Some ex-
amples are spinal screws, hip joints, 
bone implants and tooth implants.

Tooth implants constitute a special 
challenge since the bacterial compo-
sition in the mouth creates one of the 
most aggressive environments in the 
entire body. One idea is to construct 
implants with a photocatalytically ac-
tivated self-cleaning bio-active surface. 
This means that we can activate the 
cleaning process by illumination.

We use a thin surface layer of tita-
nium oxide and build a special crystal 
structure. This structure gives a bio-ac-
tive photocatalytic material, bio-com-
patible with bone tissue.

 
Tribological thin films improve quality, 
reduce energy consumption and save 
money  
Wear and friction between surfaces 
are complex phenomena and surpris-
ingly difficult to predict. At the same 
time they are of enormous impor-
tance for almost all applications with 
moving parts, for example in vehicles 
they have a considerable impact on 
fuel consumption, breaking power 
and life span. In industrial processes 
they have a conclusive impact on 
the ability of tools to cut and shape 
metallic details as well as on energy 

losses in bearings, pumps, compres-
sors, conveyor belts and other moving 
parts.

Reducing wear and friction not only 
results in better products and saves 
large amounts of money, but also con-
tributes to a more sustainable society 
by saving energy and natural resources. 
Additional contributions to a sustaina-
ble society are obtained by developing 
alternatives to lubricating fluids and 
other materials that are harmful to 
health and the environment.

All this goes back to what happens 
at the contact between two surfaces 
moving against each other. Extremely 
high temperatures and pressures are 
generated locally at this tribological 
contact, fundamentally changing the 
surfaces of the materials. They may 
become harder or softer and they can 
change their composition by absorb-
ing or giving off substances. These 
surface layers or tribo films, usually 
only a few hundred atomic layers, 
often have completely different com-
positions, structures and properties 
than the underlying base material.

Our research gives us fundamental 
knowledge about these complex tribo-
logical phenomena, leading to the de-
velopment of new functional materials 
and surface layers. This requires the 
development and use of advanced test 
methods, followed by accurate studies 
using modern electron microscopy and 
materials analysis.

Our aim is to contribute to tribolog-
ical knowledge and techniques, leading 
to better products, more efficient 
production processes, reduced energy 
losses and reduced emissions of harm-
ful waste products.

Electricity from the sun using thin 
films 
Thin film solar cells are promising 
candidates for the production of re-
newable electricity using inexpensive 
technology. We have already developed 
efficient thin film solar cells based on 
the semiconductor copper indium gal-
lium selenide, usually called CIGS. By 
varying the ratios of gallium and indi-
um we can optimize the properties of 
the solar cell and improve its efficien-
cy. Today we have reached a promising 
efficiency of 18.5% and our solar cells 
are already available on the market.

Most CIGS solar cells use a buffer 
layer containing cadmium, but we 
have developed a cadmium-free CIGS-
cell. This cadmium buffer absorbs 
short wavelengths, which reduces the 
performance of the cell. Using the 
atomic-layer-deposition method we 
have instead built different zinc-based 
layers, which correspond to the buffer 
layers.

We are now also developing solar 
cells based on other semiconducting 
materials with more common and 
readily available ingredients, such as 
copper, zinc, tin and sulphur.

Reducing wear and friction, 
not only results in better 
products and saves large 
amounts of money, but  
also contributes to a more  
sustainable society.
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nanotechnology
MICRO- AND  

Butterfly wings are actually pigment-free. The glimmering colours 
appear in microscopic surface structures on the wings, and they 
are copied in, among other things, holographic security strips on 
ID-cards, passports, credit cards and bank notes.

Very small structures provide possibilities 
of creating exceptional properties in many 
materials. For example, we use micro- and 
nanotechnology in the energy field and life 
sciences, but the applications and ideas are 
far too many to fit only within these areas. 
If we have an interesting, challenging or use-
ful idea, we often have a chance to test it.
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Scaling effects in a material are often 
surprising. Why is the little so strong? 
How can butterfly wings withstand 
weather and wind? How can a com-
posite made up of different fibrils 
have so much better properties than 
the sum of the individual components 
would have?
We possess deep knowledge of min-
iaturisation and materials in the mi-
cro- and nano-scales. In many cases 
we can predict what properties a new 
material will have. We also have the 
resources to determine the properties 
of the material and to determine the 

Structuring of materials in the micro- and nan-
oscale can, for example, be done by etching with 
a focused ion beam in an FIB microscope. The 
picture shows text written on one of the facets 
in a fly’s eye. The picture was taken in a scanning 
electron microscope and the facet is around 20 
microns in diameter.

basic reasons leading to these prop-
erties through experiments. The final 
goal is to develop new materials and 
new structures, optimized for specific 
applications.

Mini submarine with miniaturized 
measurement methods
We have developed a mini subma-
rine to investigate sub glacial lakes, 
for example under the Antarctic ice. 
The submarine could also be used 
on the ice moons around Jupiter and 
Saturn or by rescue services on earth. 
The submarine is like a microscale 

laboratory, which makes it possible 
to explore and investigate places and 
phenomena that have previously been 
inaccessible. 

In order to descend through the 
bore holes in the ice, the submarine is 
only the size of a half-litre bottle. In 
spite of the limited space, it is packed 
with advanced instruments: a sonar, a 
particle trap, a camera complemented 
with a laser shining through a dif-
fractive optical lens and a very small 
instrument for measuring conductivity, 
temperature and pressure.

The submarine probably has the 
world’s smallest sonar, the size of an 
ordinary match. It consists of a damp-
ing piezo ceramic, which can send out 
an acoustic pulse into the water and 
register a reflected signal. From these 
signals we can generate an image of the 
surroundings up to 30 metres from the 
submarine.

An ordinary web camera is comple-
mented with a laser, which can project 
a laser pattern on the photographed 
surface using a diffractive optical lens. 
The deformation of the pattern can 
be used to determine what the surface 
looks like in three dimensions.

The submarine also contains a par-
ticle trap, to catch possible microbes 
in the water. We use standing acoustic 
waves to create a filter in narrow chan-
nels. When the submarine moves, wa-
ter flows through the channels and the 
nodes catch the particles.

It suits me to be able to follow a project 
I also initiated, and carry it out from 
the beginning to end. I was attracted by 
the possibility of doing something that 
can have a large impact on mankind. 
Although I work with electronics, I am 
involved in a cancer project. I am doing 
something meaningful and at the same 
time I am enjoying myself.

MALKOLM HINNEMO, PHD STUDENT

”

Mini submarine, the size of a half-
litre bottle, containing advanced 
measuring equipment.
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and biomaterials
For the increasing need for fast and 
efficient recovery of the function of a 
damaged body part, new and improved 
biomaterials are needed.

We are working on increasing the life 
time of biomaterials, mainly for the 
body’s hard tissue, by, for example, devel-
oping more wear resistant joint surfaces, 
strong bone cement for bone filling, 
antibacterial surfaces to reduce the risk 
of deep infections and improved drug 
delivery. In addition we are improving 
understanding of what happens on the 
cellular and atomic levels when a material 
is implanted into the body. We also work 
on creating new methods to detect very 
small changes in the body in order to 
diagnose diseases as early as possible. We 
are driven by a wish to be able to restore 
a lost body function.

New materials for the treatment of brittle 
vertebrae
With an increasing population of physi-
cally active elderly people, the number of 
broken bones due to bone brittleness also 
increases. Regarding the spine, fractured 
vertebrae can be treated with a minimal 
invasive method where bone cement is 
injected into the vertebra and solidifies 
there. This gives immediate pain relief 
and stabilizes the fractured bone. Unfor-
tunately the bone cements used so far, 
were developed for positioning prostheses 
and not for being used in the spine. This 
makes them too stiff for the surrounding 
brittle bone and new fractures may occur 
because of this. We have developed new 
cements, based on the present materials 
but adapted to the properties of the bone, 
through small additions of a naturally 

MEDICAL TECHNOLOGY 

The mosaic implant is tailor 
made for the patient and is 
operated into the skull



ENGINEERING SCIENCE FOR A BETTER AND SUSTAINABLE LIFE  19

ten companies are cooperating. The aim 
is to develop new diagnostic tools and 
trace biomarkers in the form of protein 
variations, which in turn can lead to 
improved care of, among other things, 
brain trauma, chronic pain and Alzheim-
er’s disease.

Inexpensive and fast DNA-diagnostics 
using nanobeads
Together with collaborating partners at 
the Rudbeck Laboratory and Uppsala 
University Hospital, we are developing 
fast and low cost DNA-based diagnostic 
methods. Our equipment is the size of 
a handbag and thus easy to take any-
where, to the care centre, to a patient’s 
home or far from hospitals in developing 
countries. One important objective is to 
develop a diagnostic method that can be 
adapted to fit on one single chip, which 
would simplify the diagnostic process 
considerably.

The method uses so-called padlock 
probes, which bind to the DNA targets 
you are looking for, such as markers for 
tuberculosis that is a bacterial disease. 
The DNA-complex is magnified and 
forms so-called DNA-coils. We have 
developed magnetic beads of about 100 
nm in diameter with a special surface 
layer that the DNA-coils can adhere to. 
We can then detect how many of the 
nanobeads have been bound into coils 
and how many have been left as free 
beads. We can thus see if we have found 
our target molecule or not. 

occurring substance, which has a large 
influence on the molecular structure of 
the cement and thus on the mechanical 
properties. These cements have been 
mechanically evaluated in brittle verte-
brae in cooperation with the University 
of Leeds and biologically evaluated in 
cooperation with Uppsala University 
Hospital.

Mosaic for the skull
For several years we have been develop-
ing ceramic cements for bone replace-
ments as well as for other biomedical 
applications, and in particular we have 
been successful with a so-called mosaic 
implant (picture) for large skull defects. 
This is now being clinically used and 
gives patients with severe skull injuries 
the chance to regaining an improved 
quality of life. The implant consists of a 
titanium grid with plates of a ceramic 
material in between. The ceramic mate-
rial resembles bone tissue and can there-
fore grow together with the surrounding 
bones. It can even be absorbed and stim-
ulate fresh growth of bones, previously 
believed to be lost for ever.

Sensing, diagnostics and biomarking
Today’s modern hospitals are becoming 
increasingly dependent on advanced 
technologies, such as complex hardware 
in the form of apparatus for the mon-
itoring of anaesthetized patients and 
smart IT-solutions for the handling of 
large amounts of data in a reliable way. 

We work intensively with the design of 
improved medical techniques through 
the development of highly sensitive 
analysis methods. These can detect very 
small changes in the human body, which 
indicate disturbances in the central nerv-
ous system. Even though today we do 
not know exactly the reasons why some 
of us, mainly the elderly, develop de-
mentia or Alzheimer’s disease, research 
organizations are in agreement that there 
are a number of proteins that play an 
important part in the decaying processes. 
By designing completely new tools that 
can monitor different changes of rele-
vant proteins, medical staff can make an 
early diagnosis (even before the disease 
has broken out), monitor the effects of 
medication and follow the development 
of different diseases. Uppsala Berzelii 
Technology Centre for Neurodiagnotics 
is a long-term investment supported 
by The Swedish Research Council 
(Vetenskapsrådet) and Sweden’s Inno-
vation Agency (Vinnova), where some 
70 scientists at Uppsala University and 
Uppsala University Hospital and around 

My curiosity drives me to look for an-
swers to questions within my research 
area. It would be fantastic if the biomate-
rials I am trying to develop could help a 
patient in the future. Here I have several 
persons with whom I can discuss ideas. 
This is such an open working environ-
ment and there is so much in-house 
knowledge and access to such a lot of 
equipment. 

MARIA PETTERSSON, PHD STUDENT

”

Brittle spinal vertebra with our newly developed 
cement (in orange). This cement can be used 
to treat vertebra fractures and it reduces the 
risk for new fractures, compared to he currently 
used materials. 3D scanning and image produc-
tion: Alejandro López och Alexandra Pacureanu. 

“We collaborate to develop 
new diagnostic tools and trace 
biomarkers in the form of pro-
tein variations, which in turn can 
lead to improved care of, for 
example, brain trauma, chronic 
pain and Alzheimer’s disease.”
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I appreciate that what I work with will 
soon become real. I work with sound –  
a system for separating sound in a car 
to make it possible to listen to different 
things in the front and back seats. It is 
easy to relate to sound as this is some-
thing almost all of us experience and 
there can be a big difference between 
pleasant sound and noise. It is also quite 
fun that you can hear when you have 
done something good – because then it 
sounds good.

SIMON BERTHILSSON, PHD STUDENT

”

Efficient signal processing can improve 
performance, reduce energy consump-
tion and improve the quality of, for ex-
ample, information transmission, control 
and sound reproduction. In the future 
our everyday duties will be handled by 
our smart phones; different units and 
sensors will communicate with each 
other and with the internet. The main 
task for signal processing will be to han-
dle these new challenges through fast, 
robust, energy efficient communication.

Towards the fifth generation wireless 
network 
The number of smart mobile phones 
and services they can perform is in-

creasing rapidly. he performance of the 
wireless networks must therefore also 
increase substantially. We work on dif-
ferent methods to improve performance 
and coordinate available radio resources 
in future networks. The challenge is to 
be able to offer all users good perfor-
mance in a variable environment ac-
cording to their different needs.

Wireless control means savings and 
flexibility 
Wireless control can reduce the cost for 
installation and maintenance, increase 
flexibility and improve performance. 
A paper mill can today have around 
4000 sensors, the signals of which are 

SIGNAL PROCESSING
Efficient signal processing makes it possible to use 
pioneering technology to its full potential. It is, for 
example, the foundation for our mobile networks 
and makes it possible to connect several wireless 
sensors to a large network of transmitters and 
receivers of information.
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communicated through wires to control the 
processes. We are now developing methods 
where sensor information and control meas-
ures are instead communicated via radio. The 
challenges are to supply the information in 
time and to make it sufficiently energy effi-
cient to last for five to ten years without hav-
ing to replace the battery.

Pleasant sound or silence wherever you are 
We have developed new algorithms for the 
control of sound  from different loudspeakers 
in order to almost completely remove the 
influence of the surrounding room on the 
recorded music, for example in a car or in 
your living room. The system is based on con-
trolling the different loudspeakers in, for ex-
ample, a surround system, and making them 
work together to achieve the desired sound 
character, independent of what the room 
looks like.

We are also using the same methods to 
influence the sound level in a car. We can then 
adjust the signals so that the sound appears to 
come from straight ahead and not from the 
floor. We can also control the sound so that it 
can only be heard in the front seat and at the 
same time create silent zones in the back seat.

Control of the sound pattern in a car with seve-
ral loudspeakers. The listener experience is like 
sitting in a living room with multichannel sound.

At the same time the sound pattern can be 
controlled so that unwanted resonance effects 
disappear. The middle picture shows the reso-
nance pattern in a car compartment.

The bottom picture shows that most resonan-
ces up to around 600 Hz have been “washed 
away” by the signal processing.
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The Department of Engineering 
Sciences has broad competence in 
electronics and microsystems. In 
particular we focus on new materials, 
processes and components for elec-
tronics and sensor applications. We 
aim to broaden the field of electron-
ics – we want to bring electronics to 
different environments and contexts 
where it was not used previously.

Carbon-based electronics
The nanoelectronics of today contin-
ues to be dominated by integrated 
circuits made of silicon. But during 
the last few years there is an in-
creasing interest in carbon-based 
electronics, and in particular in the 
new materials graphene and carbon 
nanotubes. We are investigating the 
unique physical properties of these 
materials in order to develop bend-
able circuits and biosensors for ions 
and DNA-molecules.

Energy-efficient high speed  
electronics.
The use of wireless communication 
has recently increased dramatically. 
The need for continuously increasing 
capacity and bandwidth puts high 
demands on electronic components 
and systems. Our research is there-
fore partly about developing new en-
ergyefficient high-speed components 
for future energy-efficient wireless 
systems.

 

Electronics will soon be 
everywhere. Wireless  
sensors, for example, must 
function under the most 
severe conditions, and 
must be able to register 
information and send it 
over the whole world,  
often via satellites.

SMART

electronics
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Working here means a lot of freedom. 
There are the resources to learn a lot 
and we have access to the largest clean-
room in Sweden for our research. The 
colleagues take good care of us and it 
is easy to feel good. My research is also 
just right in time. The electronics I am 
working with can be applied to several 
areas, for example in base stations for 
mobile phones, where high power is also 
needed.

SARA LOTFI, PHD STUDENT

I can work with new techniques in close 
cooperation with industry. I can then also 
see many different stages in the process, 
for example how different companies 
experience our research as being useful. 
We focus on making things actually work, 
not only in theory, but also in practice. 
We participate right to the end, among 
other things by testing our sensors in a 
real fighter plane engine.

MATHIAS GRUDÉN, PHD STUDENT

”

”
Tough wireless sensors
We are developing tough wireless 
sensors for measuring temperature 
and wear inside a jet engine, below 
glaciers or in space. We are also devel-
oping wireless sensor systems for the 
measurement of vibrations in trains or 
for the detection of hazardous gases.

Wireless sensors can also be used in 
clothes to monitor the body temper-
ature, breathing, movement patterns 
and pulse of, for example, fire fighters. 
Sensors integrated in the clothes must 

Wireless sensor nets have been 
attached to bearing casings on 
trains for the measurement 
of vibrations and temperature 
of the bearings, and to send 
an alarm signal if a failure is 
detected.

be able to withstand the same condi-
tions as the clothes do.

 
Both large and small
Many future sensors will be very 
small. They must be able to receive 
signals and send them on, and be able 
to function in a wireless network 
consisting of several sensors. We have 
developed a combined transmitter 
and receiver that can fit on a single 
chip – with an area of less than ten 
square millimetres.

At the same time there are situa-
tions when large electronic surfaces 
need to be smoothly and comfort-
ably implanted or attached to our 
skin. We have therefore developed 
stretchable electronics with a liquid 
alloy for conductors and antennas, 
and with encapsulated small elec-
tronic components. Stretchable 
electronics offers a future where 
we can be connected to sensors and 
networks and where even prostheses 
can “feel”.
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This is a very good working environment. 
I think the best thing is that whenever 
you need to do any measurements it is 
easy to find people who can help you, 
which makes it easy to learn the tech-
niques. The facilities, including the clean-
room facilities, provide you with great 
opportunities to succeed. I really like the 
feeling that everything is possible. 

SHUYI LI, PHD STUDENT

”

The focus of my research is on antenna 
design and RF-electronics for wireless 
units, mainly in industrial applications. 
Through our collaboration with industry 
I can work with what I really feel like do-
ing and the work is varied. In the projects 
we must work both from an academic 
point of view and from the company 
point of view. It is a real challenge to be 
part of the development from theory to 
a functioning solution.

MAGNUS JOBS, PHD STUDENT

”

MICROSTRUCTURE LABORATORY

– our common toolbox
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I develop techniques for the construction 
of new products, for example preparation 
of surfaces with novel properties. We 
cooperate with the Angstrom Labora-
tory in order to stay in contact with the 
most recent research developments and 
with students. We also have access to 
equipment we do not have ourselves. The 
cooperation is profitable both for industry 
and for academic research. We can learn 
about completely new techniques from 
each other, which can be revolutionary for 
our own activities.

BENNY ANDRÉ, PHD, S 

ANDVIK COROMANT

”

I work with modelling of mechanical prop-
erties of nanocellulose in order to use the 
material as reinforcement in new, environ-
mentally friendly, composite materials. It 
is fun to contribute to new knowledge at 
the forefront of materials research. I also 
feel that the research is relevant and of 
use in society and that I am working with 
real problems. A material is something real, 
something you can touch.

GABRIELLA JOSEFSSON,  

PHD STUDENT

”

The Microstructure  
Laboratory is a first 
class cleanroom facility 
for materials research, 
and micro- and nano-
technology. It is part of 
the national research 
infrastructure, Myfab, 
where similar facilities in 
Stockholm and Gothen-
burg also participate.

The Microstructure Laboratory and 
the other laboratories within Myfab 
constitute a central infrastructure for 
our scientists. The laboratory is also 
available to industry, which leads to 
fruitful meetings between scientists 
and company representatives. The 
interaction between different user 
groups is rewarding for everyone in-
volved, as we have different needs, 
ideas and objectives.

Experimental research within ma-
terials science requires a well-func-
tioning laboratory environment, where 
concentration of air borne particles, 
temperature, humidity and vibrations 
are kept within narrow limits. In the 
Microstructure Laboratory we have 
access to advanced equipment that the 
department could not afford and main-

tain on its own. The technical staff 
consists of experts within, for example 
vacuum technology, cleanroom tech-
nology, etching and other methods for 
material processing. They provide the 
training and supervision in these tech-
niques that we need in our research.

The Microstructure Laboratory is 
both an analytical and a processing 
laboratory. In the analytical laboratory 
different types of materials analysis 
are performed, while the processing 
laboratory offers tools for users within 
structuring and fabrication on nano- 
and micro-levels. The combination of 
analytical and processing laboratory, 
together with the assembled technol-
ogy and materials competence, make 
our cleanroom facility a very versatile 
laboratory.

– our common toolbox
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The Department of Engineering Sciences is located 
in the Angstrom Laboratory in Uppsala, a building 
which hosts many world-leading specialists and rese-
arch groups within engineering and natural science. It 

21

3

46

7

and revived motivation
ENVIRONMENT FOR SUSTAINABLE CREATIVITY

is never far between research disciplines in this buil-
ding. It is easy and fun to exchange ideas and com-
petence with other experts, both within and outside 
the department.

5
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building. These cutting-edge companies 
become an important part of the creative 
environment where we are and where 
we operate.

Engineering sciences in the centre of 
research
The Department of Engineering Sciences 
runs or participates in several prominent 
cooperation centres in Uppsala. Some 
important examples are given below.

Uppsala Berzelii Technology Center for 
Neurodiagnostics
The aim of this centre is to develop diag-
nostic methods and to carry out research 
on Alzheimer’s disease and chronic pain. 
The centre covers subject areas such as 
engineering science, chemistry, medi-
cine and pharmacy. It is funded by the 
Swedish Research Council and Sweden’s 
Innovation Agency and is a cooperation 
project between the university, the uni-
versity hospital and industry.

The Centre for Natural Disaster Science 
(CNDS)
The Department of Engineering Scienc-
es is one of the leading players in the 
strategic research project Centre for 
Natural Disaster Science. CNDS is a 
cooperation project between Uppsala 
University, Karlstad University and the 
Swedish National Defence College and 
studies different aspects of what hap-
pens when nature and human society is 
in conflict. 

Ångström Space Technology Centre (ÅSTC)
ÅSTC focuses on space applications 
based on science and technology, among 
other things the research aims to reduce 
launch costs for space craft through ex-
treme miniaturisation. The centre studies 
among other things how different mi-
cro-systems can interact with each other 
and with other systems and how they 
are affected by the extreme conditions 
in space. The Swedish National Space 
Board and Sweden’s Innovation Agency 
fund the centre.

Centre for Renewable Electric Energy 
Conversion (CFE)
Uppsala University, Sweden’s Innovation 
Agency and STATKRAFT fund the cen-
tre for renewable electric energy conver-
sion. The centre focuses on, for example, 
wave power, underwater current power, 
wind power and energy conversion sys-
tems for cars.

KIC InnoEnergy
KIC InnoEnergy is a widespread Europe-
an venture for the training of the entre-
preneurs and the companies building a 
future sustainable Europe. We do this by 
offering Masters and Doctoral university 
programmes, support to new companies 
and innovation projects where academy 
and industry together develop products 
and services within sustainable energy. In 
Sweden KIC InnoEnergy is a partnership 
between Uppsala University, the Royal 
Institute of Technology (KTH), ABB and 

Vattenfall. Our task is to develop tech-
nology and services for smart grids and 
electric energy storage by encouraging 
individuals and companies that lead the 
development to think in new ways.

STandUP for Energy
STandUP for Energy includes leading 
research groups from four universities, 
together finding solutions to the most ur-
gent energy problem of today – the glob-
al challenge of climate change and how 
to transfer to a sustainable energy supply. 
To increase large-scale use of electricity 
from renewable energy sources, new and 
existing technologies must be developed 
from the point of view of an overall per-
spective on energy systems. Focus is on 
sustainable solutions that are useful for 
society and can easily be transferred to 
industry, with a reliable and sustainable 
energy supply as the target.

The Angstrom Laboratory (1) is situated 
in the middle of a “knowledge area” in 
the university city of Uppsala. Within a 
few hundred metres we have Uppsala 
University Hospital (2) and the research 
centres the Biomedical Centre (3), the 
Rudbeck Laboratory (4), the Informa-
tion Technology Centre (5), the Medical 
Products Agency (6) together with a 
number of advanced technology and cut-
ting-edge companies in Uppsala Science 
Park (7). Cooperation and discussions 
between members of staff from different 
centres and institutions result in new 
ideas for research and technical solutions. 
We cooperate, develop each other’s com-
petence and recruit staff from each other. 
The means, for example, that medical or 
information technology competence is 
always easily available. We can also often 
make use of synergies in technical science 
research. One example is using the same 
material in completely different applica-
tions in different projects.

Within a few kilometres – a short 
bicycle ride for a PhD student – we have 
the Swedish Agricultural University, the 
National Veterinary Institute, the Nation-
al Food Agency and the other depart-
ments of Uppsala University.

A sign of the driving force of the de-
partment’s research is that it generates 
about two spin-off companies every year. 
These companies then closely with us, 
either by actually staying in the area near 
the department, or by continuing to use 
the advanced laboratory resources in the 

The Department of Engineering Sciences is loca-
ted in the Angstrom Laboratory, a building hosting 
several world-leading specialists and research 
areas within engineering and natural science.

and revived motivation
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The research at the Department of Engineering 
Sciences results in an average of two new  
companies a year. Our spin-offs mirror our 
widespread creativity and business thinking 
and we are proud to say that our research has 
wings that also carry it outside the university.

Adamantis AB – develops optical components 
using micro- and nanostructures in diamond
www.adamantis.com

ÅAC Microtec – develops miniaturised multi-
functional electronic systems
www.aacmicrotec.com

Chromogenics AB – develops electrochromic 
products for energy saving and an improved 
indoor climate
www.chromogenics.com

Current Power Sweden AB – develops systems 
for the conversion of flowing water to electricity
www.currentpower.eu

Dirac Research AB – works among other things 
with sound analysis and sound optimisation
www.dirac.se

Disruptive Materials – based on the discovery of 
a completely new material, Upsalite™, which is a 
world leader in humidity absorption.
www.disruptivematerials.com 

Energy Potential AB – holding company focus-
sing on renewable energy production
www.energypotential.se

Integrated Antennas AB – develops antennas, for 
example for GPS, WLAN, Bluetooth, digital-TV, 
RF-ID, UWB, WiMax and GSM
www.iantennas.com

NanoLogica AB – develops materials for drugs 
and cosmetics by tailor-making, among other 

things, solubility, stability and controlled release 
to the body
www.nanologica.com 

NanoSpace AB – develops products for space 
applications based on micro- and  
nanotechnology
www.sscspace.com/nanospace

Nova Diamant AB – develops products with the 
help of synthetic CVD-diamonds
www.novadiamant.com

Primateria AB – offers, among other things, ser-
vices on surface technology for cutting tools.
www.primateria.se

Rotundus AB – develops robots, for example 
the spherical robot GroundBot
www.rotundus.se

Rolling Optics AB – develops holograms with 
improved depth and focus
www.rollingoptics.com

Seabased AB – develops systems for conversion 
of the energy in sea waves to electricity
www.seabased.com

Solibro AB – develops thin film solar cells
solibro-solar.com

Tsonic AB – develops ultrasound sensors and 
ultrasound instruments

Vertical Wind AB – develops windmills with 
vertical turbine axes 

 

from the department
EXAMPLES OF SPIN OFF COMPANIES
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for which we need to calculate how the 
shape of the ship will change over sev-
eral years. The support structure must 
be adaptable and optimized to increase 
the lifetime of the ship. In the project we 
make use of experience from our wood 
research – from a cellular level up to full 
size wooden constructions.

The results of this research can be 
used to solve similar problems with 
other large wooden constructions, such 
as buildings and bridges.

Today’s large telescopes have suffi-
cient resolution to see a planet around a 
star far away from our solar system. The 
vicinity to a bright star makes it difficult, 
however, to detect the weak light from 
the planet.

To make it possible to observe such 
planets, scientists from the Angstrom 
Laboratory, together with scientists from 
the University of Liège in Belgium and 
the European Southern Observatory 
(ESO) have developed a new kind of 
coronagraph based on a micro-optical 
component made of diamond. This com-
ponent requires deeply etched gratings 
(a pattern of parallel grooves) with a 
precision of less than one ten thousandth 
of a millimetre. A way of etching such 
gratings in diamond has been developed 
in the cleanroom at the Angstrom Labo-
ratory. The gratings have been etched on 
both sides of thin diamond discs, 1-2 cm 
in diameter and 0.3 mm thick.

The new coronagraph has been in-
stalled in ESO’s Very Large Telescope 
(VLT) in Chile and in the Large Binocu-
lar Telescope (LBT) in Arizona.

Even from the first observations it was 
possible to see four previously known 
extrasolar planets around the star HR 
8799 and a previously unknown red 
dwarf circling around a bright white 
star (HD 4691) 200 light-years away. 
This means that the component works 

EXAMPLES OF APPLICATIONS

as intended. The next step is to look for 
earth-like planets – and if possible find 
signs of life.

The flagship Vasa
The mechanical strength of the flagship 
Vasa is very poor and the hull is slowly 
being deformed over time – a deforma-
tion that could lead to collapse unless 
the support of the ship is improved. 
We are developing methods for the 
construction of a new support structure, 

Small satellite near earth
We have developed a very small mag-
netometer. The technique is based on 
two magnetic films, separated by a 
non-conductive layer, but the insulation 
layer is so thin that electrons can pass 
from one layer to the other if they move 
in a magnetic field. The probability of 
their passing depends on what spin the 
electrons possess, which in turn depends 
on the magnetization. This means that 
the current between the layers depends 
on the direction and strength of, for ex-
ample, the earth’s magnetic field where 
a satellite passes over. The whole mag-
netometer weighs only 0.8 gram, which 
is much less than other instruments on 
the market. The magnetometer can also 
detect magnetic fields through other 
materials, for example from electric 
wires underground and in walls, or from 
weapons in another room.

Picture of European oak (Quercus robur) taken 
in an electron microscope.  (Note the difference 
in magnification in the two pictures.)

 

*Sample of Vasa oak (Quercus robur) taken from a 
depth of 70-90 mm in the wood. Picture taken in a 
scanning electron microscope. In spite of the age of 
the material, its morphology is almost identical to 
oak from today. 

Photo: Ingela Bjurhager
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The Department of Engineering Sciences offers a broad spectrum  
of nearly 200 university courses, both at basic and advanced levels.  
They are offered within currently interesting technical areas, such as 
renewable energy, functional materials, building technology, mechanical 
technology, industrial technology, electronics and electro-technology. 
The teaching is provided both in Uppsala and at Campus Gotland.

 
The courses are given within the following technical university programmes:

Masters degree programmes in Engineering:

• Electrical Engineering

• Engineering Physics

• Materials Engineering

• Energy Systems Engineering

• Sociotechnical Systems Engineering

• Computer and Information Engineering

• Chemical Engineering

Bachelors degree programmes in Engineering: 

• Construction Engineering

• Electrical Engineering

• Mechanical Engineering

• Leadership-Quality Management-Improvement

Supplementary Masters Degree Programmes:

• Renewable Electricity Generation

• Industrial Management and Innovation
 

The content and choice of courses offered are continuously modified and improved in cooperation with 
Swedish industry. This results in up-to-date attractive training for a successful career within both industry 
and academia. More information can be found at www.teknat.uu.se/utbildning

UNDERGRADUATE TEACHING
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Ev bildkedja med 
skalor: Balk – Mikro 
– Simulering?




